Within the genus Bacillus, three species, B. anthracis, B. cereus, and B. thuringiensis, are closely related (2, 4, 15) . The primary criteria used to classify an organism as B. cereus or as B. thuringiensis or B. anthracis is the inability to produce the insecticidal protoxin or anthrax toxin, respectively. Taxonomic classification of species or subspecies within this group is confused at the present time because various characteristics used to make such determinations (i.e., flagellar H antigens, crystal toxin shape, size, and antigens, and/or plasmid profiles) yield conflicting results (2, 4) . Many factors may be responsible for the discrepancies, but the major factor is probably the ability of the B. anthracis-B. cereus-B. thuringiensis group to exchange and rearrange genetic information (4) . The methods for genetic exchange of chromosomal and plasmid traits in this group of organisms have been restricted to generalized transduction (25, 30) , transformation of protoplasts and autoplasts (19, 20, 24) , and a conjugationlike transfer process (3, 4, 6, 19) .
B. cereus 569 is a useful recipient in the study of plasmid and chromosomal genes of B. thuringiensis. This strain expresses a variety of protoxin-encoding plasmids from B. thuringiensis (3, 4, 6, 13) and can replicate and express pBC16, a 2.8-megadalton (MDa) tetracycline resistance plasmid originally isolated from B. cereus GP7 (7) , and pC194, a 1.8-MDa chloramphenicol resistance plasmid originally isolated from Staphylococcus aureus (10) . In addition, chromosomal auxotrophic markers have also been transferred from several subspecies of B. thuringiensis to B. cereus 569 by transduction and gene transfer via cell mating, (3, 30 (18), and Gonzalez and Carlton (14) . Cells for plasmid extraction were grown in 10 ml of brain heart infusion broth (Difco) supplemented with 20 ,ug of chloramphenicol per ml. Cultures were incubated for 16 h at 37°C at 100 rpm. Cells from 1.5 ml of culture were collected by centrifugation at 15,600 x g for 5 min at room temperature in a microcentrifuge and suspended in 0. 15 min at 37°C. The lysates were extracted once with 0.6 ml of 3% (wt/vol) NaCl-saturated phenol by inverting the tubes 40 times. The emulsions were centrifuged at 15,000 x g for 5 min at 4°C, and the aqueous phases were removed and extracted twice with an equal volume of chloroform-isoamyl alcohol (24:1 [vol/vol]). The aqueous phases from six extracts were pooled into one 40-ml polypropylene tube, and the DNA was precipitated with 2 volumes of absolute ethanol at -20°C for at least 12 h. The DNA was centrifuged at 17,300 x g for 20 min at 4°C, and the pellet was rinsed with 75% ethanol to remove any remaining NaCl. The pellets were air dried and dissolved in 0.1 ml of TE buffer (10 mM Tris hydrochloride, 1 mM disodium EDTA [pH 7.0]). Chromosomal DNA remaining in the plasmid preparations was denatured by the method of Jarrett (17) . Dissolved DNA samples were placed in a boiling water bath for 3 min and cooled on ice for 5 min to randomly renature the denatured DNA. Covalently closed plasmids are not denatured under these conditions and remain biologically active (17) .
Intact cells of B. cereits 569 UM20-1 were transformed with plasmid pC194 by using the Gene Pulser electroporation apparatus (Bio-Rad Laboratories, Richmond, Calif.). Various field strengths (2,500 to 6,250 V/cm) were tested at capacitance settings of 3 and 25 p.F to determine optimum transformation conditions. Cells for electroporation were grown in 10 ml of LB broth (Acumedia Manufacturers Inc., Baltimore, Md.) and incubated for 16 h at 37°C with shaking at 100 rpm. Two milliliters of the 16-h culture was transferred to 10 ml of fresh LB broth and further incubated at 37°C with shaking at 100 rpm. Culture turbidity was monitored at 600 nm until it reached an optical density of 1.0 (2.5 h; 2.2 x 108 CFU/ml). Cells were collected by centrifugation at 4,000 x g for 10 min at 4°C, washed three times in 1 ml (0.1 volume) of ice-cold electroporation buffer (10 mM N-2-hydroxymethylpiperazine-N-2-ethanesulfonic acid [HEPES] [pH 7.0]) and resuspended in 4 ml (0.4 volume) of the same buffer to yield 5.5 x 108 CFU/ml. The cells were kept on ice for no longer than 30 min before electroporation. A 0.8-ml volume of cell suspension was transferred to a small sterile glass test tube, and 30 pl of DNA mixture containing 0.5 p.g of the desired plasmid was added, mixed gently with the cells, and kept on ice for 5 min.
The entire sample was pipetted into a prechilled Gene Pulser cuvette (0.4-cm interelectrode gap) and subjected to single-pulse electroporation. Immediately after administration of the pulse, the transformation mixture was dispensed into 7.2 ml (10-1 dilution) of LB broth and incubated at 30°C for 1 h with shaking at 60 rpm to allow expression of the plasmid-encoded resistance determinant and recovery of the Difco) and plated on LB agar plates to determine the number of CFU per milliliter that survived electroporation. After recovery, cells were diluted in peptone diluent and plated on Difco LB selective agar plates containing 10 pLg of chloramphenicol per ml for the selection of transformants. To determine the frequency of mutation to chloramphenicol resistance, cells were pulsed without transforming DNA. All agar plates were incubated at 30°C, and CFU were enumerated after 24 h. Plasmid pC194 transformed B. cereius 569 UM20-1 to chloramphenicol resistance at high frequencies. Transformation frequency was calculated as the number of transformants per recovered cell (26) . Chloramphenicol-resistant colonies were observed only with cells electroporated with plasmid DNA. Plasmid DNA was isolated from transformants by the method described above but with the following modifications: (i) the RNase and proteinase K treatments were eliminated, and (ii) the DNA from 1.5 ml of cells was directly precipitated in Microfuge tubes with 2 volumes of absolute ethanol, and the resulting DNA pellet was dissolved in 10 pl of TE buffer and mixed with 5 [LI of tracking dye (0.25% bromophenol blue, 40% [wt/vol] sucrose). Total samples were applied to horizontal 0.8% (wt/vol) agarose gels prepared and run in Tris borate electrophoresis buffer (89 mM Tris borate, 2.5 mM disodium EDTA, 89 mM boric acid [pH 8.2]). Electrophoresis was carried out at 6 V/cm for 3 h at room temperature. The gels were stained with ethidium bromide (0.5 pg/ml) and destained in distilled water prior to photography. The electrophoretic mobilities of the multiple forms of pC194 (i.e., monomers and multimers) isolated from B. cer-eius 569 UM20-1 transformants were identical to those observed with preparations isolated from B. sbibtilis 1E17 (Fig. 1) .
Variation In field strength and capacitance had an effect on both cell survival and transformation frequency. At 2,500 V/cm and 25 VtF, 68.9% of the starting CFU were recovered and the transformation frequency was low (Table 1) . Increasing the field strength to 3,750 and 5,000 V/cm at 25 p.F lowered the survival to 5.7 and 0.9%, respectively, but no transformants were observed. Decreasing the capacitance to The present study demonstrated that electroporation can be used to achieve genetic transformation of intact, untreated cells of B. c ereis 569 UM20-1 by both small (pC194) and large (130-MDa) plasmids. The procedure is rapid, reproducible. easy to perform, and requires minimal sample preparation, and transformant colonies appear after 14 to 24 h of incubation. Highly purified plasmid DNA was not necessary to obtain high frequencies of transformation. which is in contrast to the purity of DNA necessary for protoplast (8) and competence (29) 
